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Fig. 1: Top- The location of Qal’eh Dokhtar in Kerman; down- The architecture remains of Takht-gah in Qal’ch Dokhtar
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Fig. 2: The Luster tiles of Qal’eh Dokhtar
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Fig. 3: The Luster tiles of Qal’eh Dokhtar
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Fig. 4: The archaeological context of the luster tiles, A: the 3t floor of Takht-Gah in Qal’eh Dokhtar, B: the collapsed floor, C: the
debris of 314 floor and the location of the founded tiles.
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Fig. 5: The luster tile excavated from Qobbeh Sabz in Kerman; Probably including the upper part of Alef (A) or Lam (L)
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Tab; 1: Measured and reported elemental composition and standard deviation in weight percent (wt%), relative analytical errors in percentage (%), as well
as the minimum detectable level (LOD) for all elements in ppm in Corning Standard glasses A and C.

Standard samples  |Na,O [MgO|ALO;3|SiO, |P,0O5[SO;5 |Cl K0 |CaO [TiO2 [MnO|FexO3|CoO NiO [Cux0|ZnO |S1O  |SnO3|ShbyO5{BaO |PbO
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A Measured [14.21 |2.69 [1.12 |67.52 [0.16 [0.12 [0.13 {2.69 |4.71 |0.77 {1.02 |1.12 |0.19 [0.03 |1.19 |0.07 |0.12 |0.51 [{1.20 |0.49 [0.09
Corning |Quoted  {14.30 |2.66 [1.00 [66.56 |0.13 |0.10 [0.10 |2.87 |5.03 {0.79 [1.00 |1.09 [0.17 |0.02 [{1.17 |0.04 |0.10 [0.19 |1.75 ]0.56 |0.12

A St.dev. 0.19 ]0.12 [0.10 |0.16 [0.08 {0.02 [0.01 [0.02 ]0.03 {0.01 [0.01 [0.02 [0.01 |0.01 [0.02 |0.01 |{0.03 [0.12 [0.21 [0.05 |0.02
Relative |1.2 1.1 (120 |14 23.0 (20.0 |30.0 |6.2 |63 (2.5 |2.0 [2.7 12.0 150.0 {1.7 {50.0 |{20.0 |- 31.4 (125 |25
Error
LOD 289 238 270 |70 230 (99 |75 |80 |244 (108 |28 [107 |89 |45 |57 44 |1205 |1537 (3585 1969 |150

Measured |0.79 [2.05 [0.89 |34.22 |nd |nd |nd |2.53 |4.67 [0.58 |nd [0.29 [0.19 |0.02 [1.35 |0.05 |0.21 [0.17 |n.d [11.80(37.88
Coming |Quoted [1.07 |2.76 [0.87 |34.87 |0.14 [0.10 |0.10 |2.84 [5.07 [0.79 [0.82 |0.34 |0.18 |0.02 |[1.13 [0.05 [0.29 [0.19 [0.03 [11.40|36.70

c St.dev. 0.09 10.11 [0.05 |0.11 |nd |nd |nd [0.03 |0.04 [0.07 |[nd [0.01 [0.01 [0.01 |0.02 |0.01 |0.04 [0.06 |nd 0.11 10.26
Relative |26.16 [25.72(2.30 [1.86 |nd |nd |nd |10.91|7.89 [26.58|nd [14.70 [5.55 |0.0 [19.47]0.0 [27.58(10.53|nd 3.51 |3.21
Error
LOD 916 373 1308 |193 |nd |nd |nd [163 [197 |1084 |nd |34 65 |59 |68 70  |463 |1709 |nd 977 1209
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Fig. 6: A- The structure of the glaze layer and the body on the ceramic parts of the body. B- micro-crystals of Mg-diopside, C- glassy
structure of glaze including the micro-crystalites within it. D- Vitreous fabrication of the body. E- The bubbles within the glaze layer.
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Tab; 2: Point and area analysis of the glaze and body of samples obtained by EDX, as well as the structural properties of the body-

glaze phase interphase areas.

Analyze area Na;O | MgO | ALO; SiO, Ag | SO; | KO | SnO2 CaO | TiO, | Fe,Os3 | PbO | CuO
Fig. 7A; area 1 5.38 497 | 15.66 | 36.25 0.22 | 347 25.89 | 0.63 7.47
Fig. 7A; area 2 13.81 3.29 6.06 | 31.56 | 0.40 1.71 | 30.99 4.29 7.85
Fig. 7A; area 3 13.39 2.67 | 10.65 | 41.64 311 | 13.63 443 0.81 | 12.73
Fig. 7B; area 1 4.21 | 13.86 1.96 | 45.46 491 | 21.78 1.15 45| 217
Fig. 7C; area 1 217 1.03 1.30 | 16.93 67.82 3.31 0.68 6.10 | 0.61
Fig. 7C; area 2 4.38 0.87 3.60 | 10.89 330 | 1.27 46.59
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Fig. 7: SEM-EDX spectrum obtained from the sample (?)which has shown high levels of tin, lead, and calcium. The tin, lead and
calcium have used as an opacifier, flux to reduce firing temperature and networker in the glaze, respectively

s anllae cdiged Sl g Ay (g9, (S Olalllao gl Y-Y-£
o505 4a copsa (6 yumie o 5 30T Bl ol 0BT Jpi 3 35 Sy Sam (sigy & o sl 6yea 5001 ol
Vo byloud Lges 93 (g ypaie SluS 5y Lol @)l Slgsean (uSol dnisl il (ola Ul zols b coess ol i Sal &0y (6l
2l il 568w FeO3 ¢ CaO AlLO3 MgO  J59 doyd diged 93 cpl 50 (Y Joda) 29 oolsd isld glacugles VO 4
T sl ol ;o Sl cuss e Jlis! 90 Sl egley pl .l jidu jlws SI02 g Na2O  Sjg doyd 5 ladiges
Byuad (g paie S 5 Sloddid)lg dbgze pl 4y (6,500 (gla Ko | diged 53l @S] pod Lunl sadbosliiw] glite dJgl dlge
Byad Sy by ol &S W65 e g bedly )8 SiO2 — ALO3; — CaO+MgO i » Jgi Edio Hlages ;o ba L5
JS5) [41] 595 0 4185 YU Sal sladiges «uluS 5 ol b oladiges 4 .5,15 41,3 55,068~ yoil = A 923 83950 ) Loy il

(A
‘;&9)& UA’Q) )‘ oaliiwl l.: (Wt%) u.:)s o)) w2 g JMAS‘ O yguody d.:JUQo.))yc dlﬁwlf 5.:,\: L pais u...{).x R J}b
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Table 3: Chemical composition of the studied tiles in oxide 42 _» and in terms of weight percent (wt%) by Micro-PIXE (nd= not

detected)

Sample | NaO | MgO | ALO; | SiO2 | P2Os SOs Cl KO CaO | TiO2 | MnO | FeO; | PbO
10 1.44 6.16 15.70 | 50.49 0.52 0.62 0.08 1.39 18.80 0.50 0.05 4.21 0.11
12 1.37 6.00 1543 | 50.60 0.40 0.08 0.03 1.91 17.59 0.62 0.10 5.79 0.06
14 1.37 5.88 1524 | 53.75 0.56 0.18 9.12 1.97 14.78 0.56 0.07 5.40 0.14
15 342 1.98 8.74 79.09 1.86 0.12 0.07 0.83 2.09 1.12 0.02 0.54 0.12
19 191 6.59 16.61 | 49.82 0.49 1.40 0.04 1.38 16.61 0.44 0.08 4.57 nd
20 3.47 1.84 9.52 74.24 1.38 1.52 0.07 1.09 4.83 0.68 0.04 0.96 0.38
22 1.51 6.45 16.27 | 52.03 1.25 0.18 0.12 1.71 15.30 0.48 0.07 4.63 0.19
24 1.66 6.39 16.33 | 5094 | 0.77 0.54 0.05 1.58 16.44 0.51 0.10 4.67 nd
28 1.70 5.38 13.91 | 50.89 0.42 1.07 0.13 1.44 19.75 0.55 0.09 4.60 0.21
29 1.94 5.29 13.69 | 52.36 0.35 0.31 0.08 1.83 18.72 0.53 0.08 4.79 nd
39 1.49 6.49 1523 | 5341 0.41 0.15 0.14 1.63 16.37 0.52 0.04 4.11 0.27
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Fig. 8: Representation of the studied samples in the SiO2—Al203-CaO ternary diagram, as obtained by micro-PIXE measurement.
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Fig. 9: The analysed areas on the lustre tiles by micro-PIXE
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Table 4: Chemical composition of the glaze of luster tiles in terms of weight percent (wt%) by micro-PIXE (L= luster pigment, G=base
laze, nd=not detected)

Sample |Color G/L  |Na220 [MgO [ALO; |SiO2 |P20s [SOs  |Cl K20 [CaO  |TiO2  [MnO [FexO3 |CuO |[ZnO  [CoO  |AgO [SnO: |PbO
15 Light brown L 1.78  [2.07 [3.20 |54.52 |Nd 0.78 1030 |2.62 [478 [0.10 [0.02 |1.08 |1.41 |nd nd 0.75  |8.87 |17.56
15 Cream G 321 |22 272 [56.98 [Nd Nd 021 318 392 [0.11 |[nd 093 (042 [nd nd Nd 7.81  [17.50
29 Light brown L 0.09 [1.32 |1.72  |50.49 |Nd 1.18 1023 [3.05 [420 [0.11 |nd 0.56  [0.88 [nd nd 0.77 1472 ]29.68
29 Cream G 320 1090 239 [49.25 |Nd Nd 0.54 1342 359 [Nd nd 0.54 (022 [nd nd nd 531 [30.25
29 Blue G 144  [1.13  [2.63 |52.44 |Nd 0.73 1043 339 [435 [Nd 0.05  10.60 [0.39 [nd 0.20 |nd 442 |27.11
28 Light brown L 225 |2.53 415 0415 [0.95 [0.33 [0.07 [4.24 [6.06 ]0.13 10.05 |0.86 ]0.81 ]0.05 |nd 0.83 438 |8.17
28 Cream G 378 |2.27 401 [63.56 [0.78 [0.37 [0.15 [4.68 [6.10 ]0.12 10.04 093 10.25 ]0.05 |nd Nd 473 |8.01
28 Green L 209 |1.74 3.52  [60.99 [0.52 |Nd 021 1474 |573 [0.10 [0.05 ]0.85 [2.60 ]0.22 |nd 0.64 555 |10.27
12 Dark brown  [L 113 [1.43 [2.53 |66.60 [0.85 [Nd 0.19  |3.64 296 [0.09 10.03 049 [0.66 [Nd nd 111 1499 |13.25
12 Cream G 2.07 [1.59 251 66.83 |0.81 |Nd 0.28 |421 [3.06 |0.12 |Nd 0.51  [0.10 [Nd nd Nd 4.67  |12.87
12 Blue G 297 117 |2.66 |68.31 |0.67 |Nd 0.20 |4.08 [3.39 [0.12 ]0.04 ]0.52  [0.09 ]0.04 ]0.07 |Nd 4.88 10.25
10 Dark Brown  [L 0.86 143 401 [61.27 |0.53 |nd 0.19 |3.41 (284 ]0.09 |Nd 0.52 [0.67 |nd nd 0.63 1508 18.48
10 Cream G 313 [1.70 428 |60.72 |0.74 |Nd 0.15 1398 287 [0.05 |[nd 0.54 [0.15 [nd nd nd 3.51 |18.16
20 Dark Brown L 256 [1.67 291 |61.47 |0.68 |Nd Nd 1.78 [1.89 [Nd Nd 0.55 [1.07 [nd nd 0.89 1417 ]20.20
20 Olive L 1.03  [0.77 [2.71 ]59.55 |Nd Nd 0.33 1201 213 [Nd Nd 0.62  [0.71 [nd nd 341 (483 [21.12
20 Cream G 3.84 148 |2.44 |01.65 [0.95 |Nd Nd 1.88  [1.94 [0.07 |Nd 0.57 [0.27 [nd nd nd 443 20.32
20 Blue G 3.64 244 |3.77 [58.70 [0.74 |Nd 0.17 ]1.68 |3.66 [0.12 ]0.03 ]0.83 [1.07 [0.05 [0.29 |nd 523 [17.32
19 Dark Brown [L Nd Nd 3.07 16535 |Nd Nd 0.18 1404 259 [Nd Nd 0.35  [0.81 [Nd Nd 138 1492 |16.56
19 Cream G 1.02  [0.78 [3.40 |66.05 [0.58 [Nd 0.17 411 1217 |0.07 033 [0.15 |nd nd Nd 4.59  |16.25
14 Dark Brown [L 0.65 |1.25 1.79 [66.31 [0.82 |Nd 0.25 |3.95 250 [0.05 ]0.02 0.33 [0.46 |nd nd 136 |5.08 |14.99
14 Blue G 230 |1.56 |2.09 [68.12 ]0.83 |Nd 036|442 282 [0.05 |nd 0.37 [0.07 |nd 0.03  |nd 5.63 [11.15
14 Cream G 230 [1.57 197 66.65 |0.57 |Nd 0.21 1409 243 [Nd Nd 032 [0.11 [nd nd Nd 496  |14.27
22 Dark brown  [L 111 [1.58 [3.42 ]59.66 |Nd Nd 0.19 1395 339 [0.08 [Nd 1.09 [1.20 |nd nd 091 797 ]15.00
22 Blue G 3.66  [3.83 463 |57.48 |0.54 |Nd 0.27 1346 |3.63 |Nd Nd 0.89 (040 [nd 0.05 |nd 8.04 [12.93
22 Cream G 3.67 [1.80 |3.27 [58.64 |Nd Nd 0.16 1386|331 [0.07 [Nd 094 [0.19 [nd nd Nd 7.06 1618
24 Dark brown L Nd 1.17  [3.20  [63.69 |0.77 |Nd Nd 292 1285 |0.05 |Nd 041 [0.69 [nd nd 1.10 1478 |17.99
24 Blue G 113 [220 [3.83 |64.22 [Nd Nd 0.27 |3.11 [3.04 |nd nd 043 (015 |nd 0.09  |nd 418 [17.03
24 Cream G Nd 0.85 ]2.90 |64.51 [Nd Nd Nd 3.37 |295 [0.07 [0.04 1037 (034 |[nd nd Nd 4.58 |18.64
39 Red L 259 |1.58 238  [66.29 [0.53 |Nd 0.23  |3.43 [3.36_ |0.05 |Nd 046 (027 |nd nd 0.74 381 |14.19
39 Cream G 256 |1.38 238  [66.81 [0.35 |Nd 0.17 1338 |3.23 [Nd Nd 0.44 [0.14 |nd nd Nd 4.05  |14.51
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Fig. 10: a - Changes in weight percent of copper oxide in terms of silver oxide for different colors of luster as well as base glazes, b-
the variation of weight percentage of silicon oxide in terms of the total weight percent of lead oxide and tin oxide in the base glazes
and luster, c- changes in the percentage of lead oxide in terms of tin oxide for base glazes and luster, d- changes in weight percentages

of total sodium and potassium oxides in terms of weight percent of total copper and silver oxides in the ion exchange in the process
of making luster layers.
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Fig. 11: The changes of the elemental composition of the glaze in the analysed samples
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Table 5: Mean weight percent of elements present in luster glaze of tiles from Qal'eh-e-Dokhtar in comparison with other areas

Mg | Al Si S Cl | K| Ca |Ti | Mn | Fe | Cu | Zn Co Ag | Sn | Pb

Qal’eh Dokhtar 1.5713.01| 61.70 | 0.11 |0.203|3.46 3.39 | 0.06 | 0.012 | 0.607 | 0.55 [0.013] 0.024 |0.484 |5.24[16.67

Nishabur-Kashan[54] [2.50]2.65| 70.62 | 0 1.6 |1.79]2.240.05] 0.02 | 0.43 | 0.57 | 0.01 0.3 0.81 [4.68]18.72

Ray [7] 2500322 69.82 | 3.61 | 1.43 12.08| 2.2 | 0.1 |0.042] 0.72 | 0.99 {0.085| 0.18 1.6 [4.11]15.93
Gorgan [7] 0 0 [7247 | 0 |1.72|2.25]3.56(0.07| 0.04 | 0.62 | 0.68 0 0 0.46 |5.62(15.12

Takht-e- Soleiman [7] 0 13937109 0 |1.33]1.36]293]0.06| 0.02 ] 0.63 [0.506] 0 0.21 | 1.78 |4.54|16.62
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